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Outline

• Application of frameworks
– definition
– evaluation
– commercial framework application

• Application of software engineering practices
– definition
– Rational Unified Process
– application to projects

• Recommendations
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Framework Definition

A framework for multidisciplinary design optimization 
processes is defined as a hardware and software 
architecture that enables integration, execution, and 
communication among diverse disciplinary processes.
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Roadmap to a MDO Framework

Commercial Developments (ModelCenter, iSIGHT, …)

FIDO CJOpt

Evaluation
Procurement 1

1992 1996 1997 1998 2000     2001     2002  

HSCT2.1 HSCT3.5 HSCT4.0 ELVIS, AEE
ModelCenter

LCAP Noise, RLV, Aerospike

iSIGHT 4.0-5.5

RACRSS
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First Framework Procurement (’96-’97)

• Motivation
– FIDO limitations
– resource limitations
– commercial developments

• Process
– generated requirements list (WPAFB, GRC, MDOB, 

CAS Office, CSC)
– evaluated frameworks (MDOB, CAS Office, CSC)
– made decision to select COTS framework
– posted RFP leading to iSIGHT procurement (’97)
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Commercial Frameworks

• iSIGHT (Engineous Software)
– early versions applied to smaller HPCCP/HSCT applications
– feedback given to Engineous on improving product
– funding provided to develop capabilities in distribution, 

parallelism, debugging, etc.
– applied successfully to several MDOB projects (Noise, RLV, 

Aerospike applications)
• ModelCenter - Analysis Server (Phoenix Integration)

– actively being used in several RLV application projects 
(ELVIS, AEE) 

– feedback given to Phoenix on issues such as security, 
parallelism, etc.
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Aerospace Applications Implemented in iSIGHT

Internal Arrangement

Conceptual design of RLV showing fuel tanks and aerospike nozzle

Typical landing by XV-15 tiltrotor vehicle

Multidisciplinary analysis for aerospike nozzle design

Application Number of
simulation
codes

Number of
design
variables

Number of
constraints

Estimated
CPU time
for analysis
task

Launch vehicle
sizing

2 2 1 90 minutes

Aerospike
nozzle design

4 18 564 90 seconds

Trajectory
optimization

1 5 7 1 second

Acoustic liner
research

1 60 0 20 seconds

T/W

GLOW contours

Trajectory domain

     Baseflow
model domain

CFD domain

FEM structures
      domain

Isp

 Base
 bleed

Summary of Aerospace Applications
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Application of 
Software Engineering

• Definition
– application of a systematic, disciplined, quantifiable approach to the 

development, operation, and maintenance of software

• Software engineering areas
– software management (lifecycle)
– requirements management (Rational Rose)
– design (Rational Rose)
– implementation
– configuration management (TRUEchange, ClearCase LT)
– testing
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Rational Unified Process (RUP)
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Benefits of the RUP

• Iterative software development process
– Focuses on identifying risks early
– Focuses on establishing a stable architecture
– Based on proven best practices

• Visual modeling using Unified Modeling Language (UML)
– UML is an industry standard
– Increases team communication

• Use case (functional requirements) driven
– Play a major role in management, requirements, design, and test

• Guidelines, tool tips, and templates
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Roadmap to Advanced Software Development

1992 1996 1997 1998 2000     2001     2002  

HSCT2.1 HSCT3.5 HSCT4.0 ELVIS, AEE
RUP, UML

LCAP Noise, RLV, Aerospike

RACRSS
RUP, UML

IEEE docs, CM,
verification
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SCM for the HSCT4/CJOpt Project
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HSCT4.0 Verification Process
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RACRSS Use Case Model 
Aeroelastic Displacement Calculations
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Activity Diagram for AEE “Analyze 
Performance” Use Case
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ELVIS Use Case Model 
System of Interconnected Systems

Analyze RLV
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Recommendations

•Document software architectures with UML
•Manage projects using RUP

–Tailor RUP for research projects
–Manage scope
–Establish clear roles
–Identify project artifacts



18

References 1

• Salas, A. O.; and Townsend, J. C.: Framework Requirements for MDO
Application Development. Proceedings of the 7th
AIAA/USAF/NASA/ISSMO Symposium on Multidisciplinary Analysis
and Optimization, St. Louis, MO, Sept. 2-4, 1998

• Padula, S. L.; Korte, J. J.; Dunn, H. J.; and Salas, A. O.:
Multidisciplinary Optimization Branch Experience Using iSIGHT
Software. NASA TM-1999-209714, November 1999

• Salas, A. O.: Aerospike Nozzle Design Using iSIGHT. Presented at the
2000 iSIGHT International Users Conference, Chapel Hill, NC, October
2-4, 2000

• Rehder, J. J; Salas, A. O.; and Mukhopadhyay, V.: HSCT Design
Capability – MDO and High Performance Computing. Presented at the
NASA HPCCP CAS Workshop 2000, NASA Ames Research Center,
Mountain View, CA, February 16, 2000

• Salas, A. O.; Walsh, J. L.; Mason, B. H.; Weston, R. P.; Townsend, J.
C.; Samareh, J. A.; and Green, L. L.: HSCT4.0 Application Software
Requirements Specification. NASA TM-2001-210867, May 2001



19

References 2

• Townsend, J. C.; Salas, A. O.; and Schuler, M. P.: Configuration
Management of an Optimization Application in a Research
Environment. NASA TM-1999-209335, June 1999

• Kruchten, P.: The Rational Unified Process An Introduction
Second Edition. Reading, MA: Addison Wesley Longman, Inc.,
2000

• Schneider, G.; and Winters, J. P.: Applying Use Cases: A
Practical Guide. Upper Saddle River, NJ: Addison-Wesley, 1997

• Booch, G.; Rumbaugh, J.; and Jacobson. I.: The Unified
Modeling Language User Guide. Upper Saddle River, NJ:
Addison-Wesley, 1999

• Ericsson, Maria: Developing Large-Scale Systems with the
Rational Unified Process, Rational Software White Paper




